A Gram-stain-negative, rod-shaped, non-spore forming, motile and strictly oxidative bacterium, strain CHU3 T . In this study, we determined the exact taxonomic position of strain CHU3
Microcystins and nodularin are cyanotoxins produced by cyanobacteria in aquatic environments around the world [1] . Reports on bacteria which have the ability to degrade microcystins and nodularin have been published in recent studies. Paucibacter toxinivorans, the type species of the genus Paucibacter, has been isolated from eutrophic lakes in Finland [2] . The ability to degrade microcystins and nodularin is a unique feature of this genus. Other characteristics include Gram-stain-negative, rod-shaped cells that are oxidase-positive, weakly catalase-positive and motile by a single polar flagellum. One novel strain isolated from fresh water in South Korea, designated strain CHU3 T , shared 97.8 % 16S rRNA gene sequence similarity with Paucibacter toxinivorans 2C20
T . In this study, we determined the exact taxonomic position of strain CHU3
T by using polyphasic characterization to support that the novel strain represents a novel species in the genus Paucibacter, and the name Paucibacter oligotrophus sp. nov. is proposed.
The fresh water collected from the Daecheong Reservoir, South Korea (36 28¢ 39 † N 127 28¢ 51 † E), in the winter season was diluted by a standard dilution plating technique using R2A (Difco BD) and incubated at 25 C. Strain CHU3 T was preserved in 15 % glycerol at À70 C.
The cell morphology and motility of strain CHU3 T were examined with light and transmission electron microscopy (model CM20, Philips) using cells grown on R2A broth (MB Cell) at 25 C for 24 h. Motility was also tested by incubating cells of CHU3
T on a soft agar of R2A which contained 0.4 % (w/v) agar at 25 C. Gram staining was done with the BD Gram stain kit according to the manufacturer's instructions. The temperature range for growth was tested at 4, 10, 15, 20, 25, 30, 32, 35, 37 and 42 C on R2A plates. NaCl tolerance was tested with different concentrations of NaCl [0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 % (w/v)] in R2A broth and incubated at 25 C. The pH range for growth (in 0.5 pH unit increments) was measured with R2A broth at 25 C by adjusting the pH with Na 2 HPO 4 /NaH 2 PO 4 for pH 5-9 and Na 2 CO 3 /NaHCO 3 buffer for pH 9-11 [3] . Growth on Luria-Bertani high salt agar (LB; MB Cell), nutrient agar (NA; BD) and tryptic soy agar (TSA; BD) was also evaluated at 25 C. Growth under anaerobic conditions was determined on anaerobically prepared R2A broth or R2A broth supplemented with 0.1 % (w/v) NaNO 3 at 25 C using an anaerobic chamber for 7 days. Reduction of nitrate and nitrite was determined by Greiss reagent as described by Miranda et al. [4] . Catalase activity was determined by bubble production following the addition of a drop of 3 % (v/v) H 2 O 2 . Oxidase activity was determined with the oxidase reagent (bioM erieux) according to the manufacturer's instructions. DNase activity and starch hydrolysis were determined with DNase and starch agar (Difco BD), respectively. Spores were stained with 5 % malachite green and observed with light microscopy [5] . Other biochemical characteristics and enzyme activities were analysed with API 20E, API 20NE, API ZYM and API 50CH systems following the manufacturer's instructions (bioM erieux). An additional test of carbon assimilation was determined using the Biolog GNIII MicroPlate with cells grown on R2A for 48 h, following the manufacturer's instructions. The microplate was incubated at 25 C for 48 h. Resistance or susceptibility to antibiotics was tested on R2A with antibiotic discs (Liofilchem) containing the following (g per disc): ampicillin (10), carbenicillin (100), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), lincomycin (15) , nalidixic acid (30), neomycin (30), novobiocin (30), penicillin G (10), streptomycin (10), tetracycline (30) and vancomycin (30), respectively.
Genomic DNA was extracted according to the simple and rapid method described by Chen and Kuo [6] for 16S rRNA gene amplification, DNA G+C content determination and DNA-DNA hybridization. DNA was extracted as follows: cells were cultured on R2A plates at 25 C for 2 days. The fresh cells were harvested and suspended in 200 µl lysis buffer (40 mM Tris/acetate pH 7.8, 20 mM sodium acetate, 1 mM EDTA, 1 % SDS) and mixed well by vigorous pipetting. To remove most contaminants and cell debris, 66 µl 5 M NaCl solution and 53 µl cetyltrimethylammonium bromide [10 % (w/v) dissolved in 0.7 M NaCl solution] were added and mixed well; the viscous mixture was then centrifuged at 9 700 Â g for 10 min at 4 C. After transferring the clear supernatant into a new micro tube, an equal volume of chloroform was added and the tube was gently inverted at least 50 times until a milky solution was completely formed. Following centrifugation at 12 000 r.p.m. for 10 min, the supernatant extracted was transferred to another micro tube and the DNA was precipitated with 3 volumes of 100 % ethanol, washed twice with 70 % ethanol, dried in a speed vacuum dryer and dissolved in TE (10 mM Tris/HCl, 1 mM EDTA, pH 8.0) buffer. If required, RNA was removed by adding RNase and incubating the tube at 37 C for 1 h. To obtain the almost-complete 16S rRNA gene sequence of strain CHU3
T , PCR was performed with bacterial universal primers 27F and 1492R. Primers 27F, 1492R and two additional primers, 518R and 785F, were used for sequencing [7] . Identification based on 16S rRNA gene sequence analysis was done with EzBioCloud (http://www.ezbiocloud.net/; [8] ). Sequences of related strains retrieved from the EzBioCloud and GenBank databases were edited by BioEdit [9] and aligned with CLUSTAL X [10] . A phylogenetic tree supported by bootstrap values with 1000 replications [11] was reconstructed with the neighbour-joining [12] , maximum-likelihood [13] and maximum-parsimony algorithms [14] in the MEGA7 program [15] .
The cellular fatty acids were extracted and analysed by gas chromatography with the Microbial Identification System (version 6.0; MIDI) software package (database TSBA6.0) with cell biomass grown on R2A for 3 days at 25 C. The G+C content of the genomic DNA was analysed with reversedphase HPLC according to the methods described by Mesbah et al. [16] . Polar lipids were extracted and analysed by twodimensional TLC as described by Minnikin et al. [17] . Polar lipids were detected with reagent sprays: molybdenum blue, ninhydrin, a-naphthol, Dragendorff reagent and 5 % molybdatophosphoric acid. Presence of bacteriochlorophyll was tested spectrometrically by the method described by Margesin and Zhang [18] . Cells grown on R2A under light for 3 days were mixed vigorously with acetone/methanol (7 : 2, v/v) to extract the pigment. Absorption spectra were scanned in the wavelength range of 300-800 nm by a spectrophotometer (DU 730; Beckman). A DNA-DNA hybridization experiment Growth at ( C): T using 96-well micro dilution wells (Greiner Bio-One) according to the method of Ezaki et al. [19] and incubated at a hybridization temperature of 50 C. The highest and lowest values obtained for each sample were excluded, and the means of the remaining three values were converted to the percentage of DNA-DNA relatedness.
Colonies on R2A were smaller than 1 mm in diameter with an off-white colour and smooth with an entire margin. The cells of strain CHU3
T were Gram-stain-negative and nonspore forming. Strain CHU3
T and Paucibacter toxinivorans 2C20
T could grow heterotrophically under aerobic conditions or under anaerobic conditions by reducing nitrate to nitrite, but not to N 2 . The strains could not grow on R2A by fermentation. Cells grown in R2A broth showed motility when observed by a light microscope, which was also confirmed by a soft agar cultivation. Cells were rod-shaped with a size of 0.5-1 µmÂ1.5-5 µm after 24 h of incubation at 25 C in R2A broth (Fig. S1 , available in the online Supplementary Material). Strain CHU3
T was able to grow at 15-30 C and pH 6-9 in the presence of 0-1 % NaCl on R2A, but no growth occurred in the presence of more than 2 % NaCl. Growth under anaerobic conditions was observed with cells incubated on R2A with nitrate (0.1 %, w/v) supplementation. Growth occurred only on R2A, and strain CHU3 T failed to grow on other media such as LB, NA or TSA. Strain CHU3
T was susceptible to ampicillin, carbenicillin, chloramphenicol, erythromycin, gentamicin, kanamycin, nalidixic acid, novobiocin, penicillin G, streptomycin, tetracycline and vancomycin but resistant to lincomycin and neomycin. Differential phenotypic and biomedical characteristics between strain CHU3
T and the related species are shown in Table 1 
CHU3
T formed a branch with the type strain of the type species of the genus Paucibacter, Paucibacter toxinivorans KCTC 42569
T , but not with any species in the genera Pelomonas, Mitsuaria or Kinneretia, in the phylogenetic trees reconstructed by using the neighbour-joining, maximumlikelihood and maximum-parsimony algorithms (Fig. 1) . The DNA-DNA hybridization experiment between strain CHU3
T and Paucibacter toxinivorans KCTC 42569 T , Pelomonas saccharophila DSM 654 T and Pelomonas aquatica CCUG 52575
T resulted in DNA relatedness values of 20 % (reciprocal 11 %), 16 % (reciprocal 17 %) and 15 % (reciprocal 19 %), respectively, which is sufficiently low for differentiation of a novel species [20] . The polar lipid profile contained diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylserine and an unidentified aminolipid (Fig. S2) . The predominant fatty acids of strain CHU3
T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (62.0 %) and C 16 : 0 (17.1 %). A detailed comparison of the cellular fatty acid profiles of strain CHU3
T and closely related species is shown in Table 2 . The respiratory quinone for strain CHU3
T was ubiquinone Q-8, the same as in the type species of the genus Paucibacter. The DNA G+C content of strain CHU3 T was 62.5 mol%. Strain CHU3 T grew aerobically under light but did not contain bacteriochlorophyll.
Strain CHU3
T showed some physiological characteristics which distinguish it from members of closely related genera. The type strains of the genera Pelomonas and Kinneretia do not have catalase activity [21] but cells of strain CHU3 T were weakly positive for catalase. Pelomonas saccharophila produces acid from glucose, but strain CHU3
T did not have fermentative metabolism. Denitrification activity of strain CHU3
T was different from that shown by members of the genus Mitsuaria, which are obligately aerobic [22] . Based on physiological and biochemical characteristics, phylogenetic analysis, DNA-DNA hybridization and chemotaxonomic data, strain CHU3
T is proposed to represent a novel species of the genus Paucibacter, for which the name Paucibacter oligotrophus sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS PAUCIBACTER RAPALA ET AL. (2005)
The description is as given by Rapala et al. [2] with the following change. Grows heterotrophically under aerobic conditions or anaerobic conditions by denitrification. The range of DNA G+C content is 62.5-68.0 mol%.
DESCRIPTION OF PAUCIBACTER OLIGOTROPHUS SP. NOV.
Paucibacter oligotrophus (o.li.go¢tro.phus. Gr. adj. oligos little; Gr. masc. n. trophos a feeder, rearer, that which nourishes; N.L. masc. adj. oligotrophus utilizer of few substrates, oligotrophic).
Cells are Gram-stain-negative, motile, non-spore-forming and rod-shaped, being 0.5-1.0 µm in width and 1.5-5 µm in length. Growth occurs at temperatures from 15 to 30 C (optimum 25 C) but not at 4, 10 or over 30 C. Growth can appear with pH ranging from pH 6 to 9 with the optimum at pH 7. NaCl can be tolerated from 0 to 1 % (w/v) while optimum growth occurs without NaCl. Catalase and oxidase are positive. Indole production is negative but nitrate reduction is positive. Aesculin, DNA and starch are hydrolysed but not gelatin or urea. In the API ZYM test, alkaline phosphatase, acid phosphatase, a-chymotrypsin, cystine arylamidase, b-glucosidase, leucine arylamidase, trypsin and valine arylamidase are positive; N-acetyl-b-glucosaminidase, esterase (C4), esterase Lipase (C8) and naphthol-AS-BI-phosphohydrolase are weakly positive; however, a-galactosidase, b-galactosidase, b- 
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